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FUEL DELIVERY SYSTEM 
Field of the Invention 

This invention relates to a fuel delivery system and, in 
5 particular, to an iznprovement to the system disclosed in 
our International Application No« PCT/AU027 00403 • 

The contents of the above International application are 
incorporated into this specification by this reference. 

10 

Background Art 

Our above-mentioned International application discloses a 
fuel injection system which heats the end region of a fuel 
injector so as to elevate the temperature of the fuel in 

15 the end region. This results in the fuel converting 

immediately to vapour when the fuel is ejected from the 
end region of the injector into an air inlet port of an 
engine. Thus, as soon as the fuel leaves the injector, 
the fuel immediately converts to vapour state because of 

20 the heating of the fuel in the end region and the cheuige 
in pressure experienced by the fuel when the fuel leaves 
the injector. Therefore, the fuel is delivered to the 
cylinder in vapour form which greatly decreases fuel 
consumption . 

25 

In our aforementioned International application, a number 
of different ways of heating the end region of the 
injector are disclosed. One form utilises direct 
conduction of heat from the engine to the end of the fuel 
30 injector. 

In the normal configuration of modem engines, inlet ports 
of the head of the engine are insulated to s^ne degree 
from the inlet manifold to prevent heat transfer from the 
3 5 head to the manifold to keep the inlet manifold as cool as 
possible. This, combined with the use of seals on the end 
region of the injector, prevents any heating of the fuel 
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In the Injector end region. 
Summary of the Invention 

The object of a first aspect of the present invention is 
5 to improve the direct conduction heating of the injector 
of the type disclosed in the aforementioned International 
application • 

The present invention may be said to reside in a fuel 
10 delivery system for a vehicle engine, having at least one 
cylinder, a piston moveable in the cylinder, and an inlet 
port for supplying air and fuel to the cylinder, 
comprising: 

an inlet manifold for supplying air to the inlet 

15 port; 

a heat conducting gasket between the engine and 
the inlet manifold; 

an injector port in the inlet manifold; 

a fuel injector having an end region and a body, 
20 the body including component iry for operating the injector, 
the injector being located in the injector port; and 

wherein heat is conducted from the engine via the 
heat conducting gasket to the inlet manifold, and then to 
the end region to heat the end region, but not the body of 
25 the Injector, to elevate the temperature of fuel in the 

end region, so that when the fuel is ejected from the end 
region of the injector, the fuel substantially immediately 
converts to vapour because of the heating of the end 
region and therefore the fuel in the end region, and the 
30 change in pressure experienced by the fuel as the fuel 
leaves the end region of the injector. 

The use of a heat conducting gasket and heat conduction 
from the gasket to the manifold and then to the heat 
35 conducting end region ensures good heat transfer to the 

end region to elevate the fuel to the re<xuired temperature 
to ensure that the fuel immediately converts to vapour 
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when the fuel is ejected from the injector. 

in one embodiment of the invention, a heat conducting 
collar is provided around the end region of the injector 
5 and in heat conducting contact with the end region, and 
the collar being in the heat conducting contact with a 
wall defining the injector port. 

in another embodiment, the injector port is sized such 
10 that the end region of the injector is in direct heat 

conducting contact with a wall defining the injector port. 

Preferably the gasket includes opposed sides, and at least 
one opening for providing communication from the inlet 

15 manifold to the inlet port, a first raised section 

surrounding the opening on one side of the gasket, and a 
second raised section surrounding the opening on the other 
side of the gasket, so that when the gasket is located 
between the engine and the inlet manifold, and the inlet 

20 manifold secured to the engine, the raised sections deform 
to form a seal about the opening. 

Preferably the gasket is formed in a stamping or pressing 
operation, and the raised section is formed by a V-shaped 
25 projection in transverse cross-section on one side of the 
gasket, and an offset V-shaped projection in transverse 
cross-section on the other side of the gasket. 

in one embodiment of the invention, a housing is provided 
30 for locating over the injector and the injector port to 

facilitate the retention of heat to heat the end region of 
the injector. 

m one embodiment of the invention, electrical heating 
35 means is provided for supplying heat to the end region 
during initial start-up of the engine before the engine 
acquires sufficient heat for conduction to the end region 



wo 2004/025112 PCT/AU2003/001156 

- 4 - 

to heat the end region, and therefore the fuel in the end 
region by heat conducted from the engine. 

m one einbodiinent the electrical heating means comprises 
5 an electrical heating pad in electrical contact with the 
end region, an insulating member between the pad and the 
engine, and an electrical inductor in electrical 
communication with the pad so that current is supplied to 
the pad and then flows through the end region to heat the 
10 end region. 

m another embodiment the electrical heating means 
comprises a coil wound around the end region, electric 
leads for supplying current to the coil so that the 
15 passage of current through the coil generates heat to the 
heat the end region. 

•This embodiment of the invention may include temperature 
sensing means for monitoring the temperature of the engine 
in the vicinity of the fuel injector for switching off the 
electrical heating means when the engine temperature 
reaches a predetermined temperature whereby sufficient 
heat is conducted from the engine to the end region to 
heat the fuel in the end region. 



20 



25 



30 



35 



A second aspect of the invention is concerned with 
supplying sufficient heat to the end region of the 
injector during initial engine start-up so that as soon as 
possible after engine start-up, fuel in the end region of 
the injector is elevated to the required temperature to 
substantially immediately convert to vapour as. soon as the 
fuel is ejected from the injector. 

This aspect of the invention may be said to reside in a 
fuel delivery system for a vehicle engine, having at least 
one cylinder, a piston moveable in the cylinder, and an 
air port for supplying air and fuel to the cylinder. 
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cosq;>ri8ing: 

an inlet manifold for supplying air to the inlet 

port; 

an injector port; 

a fuel injector located in the injector port, the 
fuel injector having an end region and a body, the body 
including componentry for operating the injector; and 

electrical heating means for heating the end 
region, but not the body of the fuel injector, to elevate 
the temperature of the fuel in the end region, so that 
when the fuel is ejected from the end region of the 
injector, the fuel substantially immediately converts to 
vapour because of the heating of the end region, and 
therefore the fuel in the end region, and the change in 
pressure experienced by the fuel as the fuel leaves the 
end region of the injector. 

The use of the electrical heating means enables heat to be 
supplied immediately the engine is switched on and does 
20 not require the engine to heat up before sufficient heat 
is supplied. The time taken for an engine to heat to the 
required temperature so that the conduction of heat to the 
injector to heat the injector in the first aspect of the 
invention may be up to 200-300 seconds. Whilst this time 
25 period is not significant if the engine runs continuously 
it nevertheless does play some part in the overall fuel 
consumption of the engine. Obviously, if the engine is 
switched on and off regularly and cools between restarts, 
then the start-up period of 200-300 seconds before the 
30 engine reaches the required operating temperature is more 
significant. The electrical heating meaois of this aspect 
of the invention enables heat to be conducted to the end 
region of the injector much xnore quickly, which further 
improves fuel consxunption, particularly in the initial 
35 period after engine start-up, and until the engine reaches 
the required operating temperature. This aspect of the 
invention may therefore be used primarily in the first 
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200-300 seconds or thereabouts after initial start-\ip, 
after which time, heat conducted from the engine can 
supply the heat to the end region, or, alternatively, 
could be used as the sole or primary source of heat to the 
5 end region to heat the end region to the required 
tenverature to cause the vaporisation of the fuel 
immediately the fuel leaves the injector. 

In one embodiment of the invention electrical heating 
10 means is arranged on the outer surface of the end region. 

In one embodiment the electrical heating means comprises 
an electrical heating pad in electrical contact with the 
end region, an insulating member between the pad and the 
15 engine, and an insulated electrical conductor in 

electrical communication with the pad so that current is 
supplied to the pad axid then flows through the end region 
to heat the end region. 

20 In another embodiment the electrical heating means 

convprises an insulated heating coil wound around the end 
region, and electrical conductors for supplying current to 
the coil so that the passage of current through the coil 
generates heat to heat the end region. 

m one embodiment temperature sensing means is provided 
for sensing engine temperature and for switching off 
supply of current to the electrical heating means when the 
engine temperature reaches a predetermined temperature 
30 sufficient to heat the end region of the conductor to the 
required ten^perature to cause the fuel to vaporise 
substantially immediately upon ejection from the injector. 

This aspect of the invention further provides a fuel 
35 injector for an internal combustion engine having a piston 
moveable in a cylinder, the injector comprising: 
an end region; 
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a body; 

electrical coii«>onentry in the body operable to 
enable fuel to be ejected from the end region of tbe 
injector; and 

5 electrical heating means on the external surface 

of the end region for heating the end region of the 
injector, but not the body, so that when fuel is located 
in the injector and the electrical heating means operated, 
the fuel is ejected from the end region of the injector 

10 and substantially immediately converts to vapour because 

of the heating of the end region and therefore the fuel in 
the end region, and the change in pressure experienced by 
the fuel as the fuel leaves the end region of the 
injector. 

m one embodiment the electrical heating means comprxses 
an electrical heating pad in electrical contact with the 
end region, an insulating member between the pad and the 
engine, and an insulated electrical conductor in 
20 electrical conmunication with the pad so that current is 
supplied to the pad and then flows through the end region 
to heat the end region. 

in another embodiment the electrical heating means 
25 comprises an insulated heating coil wound around the end 

region, and electrical conductors for supplying current to 
the coil so that the passage of current through the coil 
generates heat to heat the end region. 

The invention may be said to reside in a fuel delivery 
system for an engine which has a combustion chamber, a 
piston movable in the combustion chamber, an air inlet 
port and an eadiaust port, comprising: 

an injector port in the engine having a first 
35 open end communicating with the combustion chamber, and a 
second end remote from the first end, the injector port 
having an injector port wall; 
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a fuel injector located in the injector port, the 
fuel injector having an injector »ain body which houses 
electrical con«,onents for operating of the injector, an 
injection tip and an end region adjacent the tip, the end 
5 region being for storing fuel to be ejected from the 
injector » 

an electrical heating element surrounding the end 
region exterior of the fuel injector; and 

an electric current supply for supplying, current 
10 to the heating element for heating the end region of the 
injector to in turn heat the fuel in the end region so 
that when the fuel leaves the injector, the fuel 
substantially immediately converts to vapor because of the 
heating of the fuel and the change in pressure experienced 
15 by the fuel when the fuel leaves the injector. 

Thus, because the heating of the injector is performed by 
electric current, it is not necessary for the engine to 
reach operating ten«.erature before the system will operate 
20 adeiTiately. Thus, the heating element can be activated 
i«„ediately the engine is turned on so that the injector 
end region is heated substantially immediately and the 
system operates to heat the fuel much <iaicker than is the 
ease if engine temperature or exhaust gas temperature is 
25 used to heat the end region. 

Preferably, the heating element is provided in a 
cylindrical sleeve which locates over the end region of 
the injector, and sits between the end region of the 
30 injector and the injector port wall of the injector port 
in the engine. 

Preferably, the current supply comprises at least one 
conductor extending from the heating element to a current 
35 supply device. 



Preferably J 



the current supply device comprises a battery 
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for supplying current and a pulse widtlx modulator for 
modulating the current supplied by the battery so that the 
current supplied to the heating element is pulsed width 
modulated so that the amount of current supplied to the 
5 heating element can be controlled to thereby control the 
heating of the heating element, and therefore the heating 
of the fuel within the injector end region. 

preferably, the current supply includes a relay so that 
10 current is supplied when the relay is closed, and a 
control current supply for closing the relay. 

Preferably, the control current supply comprises a signal 
from a fuel pump relay which passes through an engine 
15 temperature sensor so that if the engine temperature is 

below a predetermined temperature, the relay is closed to 
thereby enable current to be supplied to the heating 
element. 

20 preferably the fuel injector includes a temperature sensor 
for monitoring the temperature of the fuel in the end 
region and for opening the relay when the temperature 
reaches a predetermined temperature. 

25 The invention also provides an injector for injecting fuel 
into an engine, comprising: 

an injector body having a tip, an end region 
adjacent the tip for storing fuel, and a main body portion 
in which electrical components for operating the injector 

30 are housed; 

the end region having an outer surface formed 

from heat conducting material; and 

a heater sleeve arranged on the end region and 
surrounding the end region, the sleeve including a heater 
35 element for receiving electric current to heat the heater 
element, and therefore conduct heat through the heat 
conducting outer surface of the end region into the end 
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region of the injector for heating fuel in the end region 
of the injector so that when the fuel is ejected from the 
end region the fuel substantially immediately converts to 
vapor state because of the heating of the fuel and the 
change in pressure ea^perienced by the fuel when the fuel 
leaves the injector. 

pref ered>ly, the sleeve is formed from a high temperature 
fuel resistant silicon or viton or like substances in 
which the heating element is embedded by molding. 

Preferably, the heating element comprises a coiled wire. 
However, in other embodiments, the heating element may be 
in the form of a semi -cylindrical plate. 

Preferably the coiled wire includes a sheath which 
surrounds the coiled wire to maintain turns of the coiled 
wire separated from one another when the coiled wire is 
molded in the sleeve. 

Preferably a temperature sensor is disposed adjacent the 
end region of the injector for monitoring the temperature 
of the end region of the injector, and therefore the fuel 
in the end region of the injector. 



25 



Preferably the heater sleeve includes a central opening 
having a peripheral wall for receiving the end region of 
the injector, and the temperature sensor is arranged 
between the end region of the injector and the peripheral 
30 wall. 

The invention may also be said to reside in a fuel 
delivery system for an engine which has a ccmibustion 
chancer, a piston moveable in the conOmstion chamber, an 
35 air inlet port, an air inlet port and an exhaust port, 
comprising: 

an injector port in the engine having a first 
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open end conmunicating with the combustion chamber, and a 
second end remote from the first end, the injector port 
having an injector port walli 

a fuel injector located in the injector port, the 
5 fuel injector having an injector main body which houses 
electrical coii«>onents for operating the injector, an 
injector tip and an end region adjacent the tip, the end 
region being for storing fuel to be ejected from the 
injector; 

3L0 an electrical heating element for heating the 

fuel in the end region of the injector; 

an electrical current supply for supplying 
current to the heating element for heating the end region 
of the injector; 

15 a heat conducting path from the engine to the end 

region of the injector so the end region of the injector 
can be heated by heat conducted from the engine; 

a current shut-off for shutting off supply of 
current to the electrical heating element; and 

20 whereiu>on initial startup of the engine, current 

is supplied to the electrical heating element to heat the 
fuel in the end region of the engine, emd after initial 
heating of the fuel in the end region, the current shut- 
off shuts off current to the engine so the end region is 

25 continued to be heated by direct conduction of heat from 
the engine through the direct conduction path. 

Preferably the injector port is located in a manifold 
connected to the air inlet port and the direct conduction 
30 path includes a heat conducting gasket between the inlet 
port 8uid the manifold for conducting heat to the manifold 
and then to the end region of the injector. 

Brief Description of the Drawings 
35 A preferred embodiment of the invention will be described, 
by way of eacample, with reference to the accompanying 
drawings, in which: 
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Figure 1 is a view of a fuel delivery system 
according to one embodiment; 

Figure 2 is a fuel injection system according to 

a second embodiment; 
5 Figure 3 is a side view of a gasket used in the 

embodiments of Figures I and 2; 

Figure 4 is an end view of the gasket of Figure 

3; 

Figure 5 is a plan view of the gasket of Figures 

10 3 and 4; 

Figure 6 is a cross-sectional view through part 
of a gasket showing in more detail the formation of 
sealing projections on the gasket; 

Figure 7 is a view of a further entoodiment of the 

15 invention; 

Figure 8 is a view of a component used in the 

embodiment of Figure 7; and 

Figure 9 is a view of a further embodiment of the 

invention; 

20 Figure 10 is a side view of a component used in 

the embodiment of Figure 9; 

Figure 11 is a plan view of the component of 

Figure 10; 

Figure 12 is a side view of a further component 
25 used in the embodiment of Figure 9; 

Figure 13 is a plan view of the component of 

Figure 12; 

Figure 14 is a detailed cross-sectional view of 
an injector in the injector port of an engine according to 
30 the embodiment of Figure 9; 

Figure 15 is a view of an injector according to a 

still further embodiment; 

Figure 16 is a view of the injector of Figure 15 

installed in an engine; 
35 Figure 17 is a view of a fuel delivery system 

according to the preferred embodiment of the invention 
installed in an engine; 
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Figure 18 is a side view of part of the system of 

Figure 17; ^ •„ 

Figure 19 is an end view of the part shown in 

Figure 18; ^« *. 

5 Figure 20 is a view similar to Figure 18 but 

Showing part of the internal structure of the component of 

Figure 18; . , ^ 

Figure 21 is an enlarged view of the cxrcled part 

of Figure 20; o« * » 

Figure 22 is a view similar to Figure 20 of a 

further enibodiment; 

Figure 23 is a cross-sectional view of the 

enibodiment of Figure 22; ^ ^. ^ 

Figure 24 is a view of a still further embodiment 

15 of the invention; . ^ ^ 

Figure 25 is an enlarged view of the cxrcled part 

of Figure 24; ^ , . 

Figure 26 is a cross-section view along the Ixne 

X-X of Figure 25; and ^ 
20 Figure 27 is a circuit diagram accordxng to the 

preferred embodiment of the invention. 

Tw.t^lled pes »:ri ^tion of Preferred Embodiments 

1 v4rniT-e 1 a fuel delivery system is 

With reference to Fxgure x, a iiiox 

25 shown for an internal combustion engine generally 

designated 10. The internal combustion engine includes a 

head 12 which has an inlet port 14 and an exhaust port 16. 

A cylinder 18 is provided (and oniy schematically 
30 illustrated by the reference numeral 18) in which a piston 
(not shown) is located for reciprocating movement in the 
cylinder. 

An inlet manifold 20 is connected to the head 12 by bolts 
35 (not shown) in the conventional manner. Located between 

the inlet manifold 20 and the head 12 is a gasket 22. The 
gasket is formed from heat conducting material such as 
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aWnium or any other suital^le metal or heat conducting 
material • 

The gasket 22 is shown in more detail in Figures 3, * and 
5 5. With reference to those figures, the gasket includes a 
plurality of openings 24. In the entoodiaents shown, the 
gasket is intended for a six cylinder in-line engine and 
has openings 24 corresponding to the six inlet ports 14 of 
the engine. The gasket 24 has lugs 25 which include holes 
10 27 for receiving bolts (not shown) which are used to 

secure the manifold 20 to the head 12 and sandwich the 
gasket between the head 12 and the manifold 20. 

The gasket 22 has a first side 28 and a second side 29. 
15 Arranged on the sides 28 and 29 are projections 30 and 31 
which surround the openings 24. 

AS is best shown in Figure 5, the projections 30 (and also 
the projections 31) are preferably circular xn 
20 configuration, but the shape will depend on the shape of 
the opening 24 which may change depending on the 
configuration of the engine concerned. 

The projections 30 and 31 are preferably V-shaped in 
25 transverse cross-section, as clearly shown in Figures 3 
and 4, and when the gasket 22 is sandwiched between the 
head 12 and the inlet manifold 20, the projections 30 and 
31 deform to form a seal around the opening 24 and between 
the end 14- of the inlet port 14 and the end 20- of the 
30 inlet manifold 20 so that air passing through the manxfold 
20 into the inlet port 14 is not able to escape between 
the inlet manifold 20 and the head 12 of the engine 10. 

The inlet manifold 20 is provided with an injection port 
35 35. The injection port 35 shown in Figure 1 is of 

standard size, and would normally fit a fuel injector 
which is provided with seals and an outer casing provxded 
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witli the injector. 

in the first enbodinent of the present invention, the 
injector 50 has its seals and outer casing (neither of 
5 which is shown) ren^ved, so as to expose end "^^^^ " ' 
The end region 52 is formed fr«a »etal. in order to fill 
the space hetwe«x the end region 52 and cylxnder wall 
which defines the injector port 35, a collar of heat 
conducting metal is provided. The collar 40 has a bore 42 
10 which receives the end region 52 in heat -n^^^"^ 

contact, and the outer surface 43 of the collar 40 xs xn 
heat conducting contact with the wall 38 of the injector 
port 35. 

The lnJ.=tox 50 tas a body 54 ^ch contain, th. .Letrle 
op.ra,=ln, oo-P<»«.« of «>. injector, .uol. <*" 
I^ture. .t=. for op«ati« th. injector 50 so t^t fuel 
be ejected from the tip 56 of the end re»ion 52. 

au., accordin, to this -iibodi~nt of the ^'-2'TJT2 
^ch i. tr»-ferred fro. the cylinder 18 to the head 12 
i. oond»ct«l through the heat conducting gaeXet 22 to the 
inlet -«>ifold 20 and, in particular, the end regxon 23 of 
the manifold 20 in which th. port 35 i. for-ed. Beat i. 
25 Irefore ahle to conduct through the collar « to the end 
region 52 to heat the end region 52. Thu., the fuel xn 
the end region 52 is elevated in t«weratur. so that, as 
soon as the fuel leave, the tip 5«, the fuel converts to 
,apour i>mediat.ly b«=a«.. of the elevati t«w.rat»r. of 
30 the fuel «d the ch««,e in pres.ur. the fuel 

a. .oon a. th. fuel is eJeeted. Thus, th. vapour x. th«. 
conveyed along the inlet port 1* to the cylinder 18 for 
coid>u.tlon in the cylinder 18. 

35 This «*bodl«ent of the inv«.tion re,uir.s no alteration to 
the usual engine co,««nentry, except for the conductxng 
gartcet 22 issue, instead of a heat insulating ga.h.t. 
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in the einbodiment; of Figure 2, tHe only modification xs 
that the injector port 35 is changed from its standard 
size shown in Figure 1 to a imxch smaller size which 
matches the size of the end region 52 of the injector 50 
after the seal and outer casing of the injector 50 have 
been removed. Thus, in this embodiment, the collar 40 xs 
not needed and heat is conducted direct from the wall 38 
of the injector port 35 to the end region 52. 

in both embodiments of the invention, the body 54 is not 
in heat conducting contact with the engine, and therefore 
is maintained relatively cool compared to the end regxon 
52 which is in heat conducting contact with the engine via 
the manifold 20 and the gasket 22. Thus, the body 54 xs 
not heated and therefore, the electronic componentry 
within the body 54 is not damaged. 

Figure 6 shows a section of the gasket 22 in more detail 
20 and describes how the projections 30 and 31 can be formed, 
in this e»4.odiment, the gasket 22 is formed by a stampxng 
or pressing operation, and a pressing or stamping tool 
(not shown) is provided with a zigzagged configuration- 
which presses a V-shaped circular valley 60 around the 
25 opening 24, extending from side 29 of the gasket 22 and an 
upstanding peak 70 also of V-shaped configuration and also 
surrounding the opening 24. Thus, in this embodiment the 
projections 30 and 31 are formed by an appropriately 
bending or deformation of the metal from which the gasket 
30 22 is formed and are offset from one another. 

in other embodiments the projections 30 and 31 could be 
formed in other fashions, including in a moulding 
operation or otherwise, although such techni<iues are 
35 likely to be more expensive than sta««>ing or pressing the 
gasket 22. 
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Figures 7 and 8 show a further embodiment of the 
invention. This eatoodiment is the same as that of Figures 
1 and 2, except that a housing 80 of insulating material 
is arranged over the end of the manifold 20 to surround 
5 the end of the manifold 20 which is in contact with the 
end region 52 of the injector 50. This will facilitate 
retention of heat in that part of the manifold 20, and 
therefore good heat conduction to the end region 52 of the 
injector 50. The body 54 is free of the housing 80 and 
10 therefore is maintained cool for the reasons specified 
previously. The housing 80 can be in the form of two 
halves which simply clip over the manifold 20 and which 
are supported on the engine head 12 by shelf section 81 
locating on shoulder 83 (see Figure 1) of the head 12. 

Figure 9 shows a further enibodiment of the invention which 
is a modification to the embodiment of Figure 1. In this 
embodiment like reference numerals indicate like parts to 
those previously described. For ease of illustration, the 
20 gasket 22 and the engine 10 are omitted from Figure 9. 

in this embodiment of the invention, the injector 52 is 
provided with an electrical heater which coii«>rises a 
contact pad 90 formed from electrically conductive 
25 material, and an insulator 92 which is provided over the 
pad 90 and insulates the pad 90 from the collar 40 (or if 
the collar 40 is not used, as in the embodiment of Figure 
2, from the inlet manifold 20). The ring 92 has a step 
92a and an internal conical wall 92b. The pad 90 is 
30 connected to a battery 93 of the vehicle via a switch 94. 
A heat sensor 95 for measuring the temperature of the 
engine in the vicinity of the injector 50 (and in 
particular, the head of the engine or end region 23 of the 
manifold 20) is provided for operating the switch 94 to 
35 selectively allow current to flow to the pad 90 or to 
disconnect the flow of current from the pad 90. 



10 



15 



PCT/AU2003/001156 

WO 2004/025112 

- 18 - 

AS previously mentioned, the pad 90 is in electrical 
contact with the end region 52, but insulated from the 
collar 40 and an electric circuit is completed from the 
pad to earth via the end region 50 to the collar 40 and 
5 the manifold 20. Thus, when the switch 94 is switched on, 
current can flow from the battery 93 to the pad 90 and 
then through the end region 52 to the collar 40 and 
nianif old 20 (and hence to earth) . The insulator 92 
prevents current from flowing directly from the pad 90 to 
the collar 40 without passing through the end region 52. 
The passage of the current through the end region 52 heats 
the end region so as to elevate the tei.«>erature of the end 
region during initial engine start-up, so that the end 
region 52 is heated to the required temperature to cause 
conversion of the fuel to vapour immediately upon ejection 
from the injector <iuicker than the time taken for the 
engine to heat to the re<iuired temperature after initial 
start-up to conduct sufficient heat to the end region 52 
to cause the immediate conversion of fuel to vapour. 

Tests have shown that the time taken for the engine to 
heat to a sufficient temperature to cause the end region 
to heat to the required temperature can be in the order of 
200 seconds. The electrical heating pad increases the 
heat to the end region by about 1°C per second, and 
therefore as soon as the engine is switched on, the switch 
94 can be activated so that current is supplied to the end 
region 52 and the end region will therefore heat to the 
required teinperature much quicker than waiting for 
sufficient engine temperature to develop for conduction of 
the required heat to the end region 52. Thus, the vehicle 
commences to operate with more fuel efficiency more 
quickly after engine start-up. 

The tewerature sensor 95 monitors the temperature of the 
engine, and as soon as the engine reaches the required 
operating temperature, the teB«)erature sensor 95 can 
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output . si^ to =.u.e the switch 9* to "^"^""^ 
that h.at 1. al.conn«=t.a fro- th. P«l M. »t thi. tl-., 

.^«icient h.at ha. b.« 'Tl Z 

boat fro« th. .-nifold 23 to th. ««1 region 52 i» the 
5 Lner previously descrihe* to elevate the t-,.rat»re of 
the «.a reaien 52 to that required to cause the 
:^n.ati!n of the fuel a. soon a. the fuel leave, the 
injector 50. 

^. ....odi^nt therefore provide, th. further 
of pro,*idi«, fuel efficiency «r. quickly after xnitial 
engine start-up. 

Figure. 10 to 1* show the .tructure of thi. e-bodi«nt in 

15 more detail. 

»e is Shown in Figure. 1. ^ H- the pad 90 
.ing 90a of heat conducting -etal to which i. — 
terlinal 9.h hy a conductor 90c. The ^ 
or conical side wall 90d. The conductor 90c .s -•""^^^ 
^ the tex-inal 90h connects to a lead (not •>-^> 
the switch 94 so that electric power can be *° 
the terminal 90b, the lead 90c and th«. to the ring 90a. 

Figures 12 «>d 13 Show the insulator 92 ^ch i. al«. in 
thrfor» Of a ring formed fron any suitable iu«aat«g 
«t.rial such a. rubber or the like. The rxM 92 i. - 
tight fit over the pad 90a to securely hold the pad 90a 
against the «^ region 52 of the injector 50, and to 
ILulate the tab S2 fro. the adjacent part of the collar 
«. « Shown in Figure 12, the ring 92 ha. a .tep ..ctxon 
92a and an internal conical wall 92b. 

Figure 14 .how. -or. detail of the actual .tructure of 
Figure 9 and the pad .hown in Figure. 10 and 11 and tt« 
Initiating ring .hown in Figures 12 ^ 13 in a..^ed 
condition, in this «*odiMent the collar 40 .s provided 
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1 38 which has an inclined shoulder 

Of t... coXlar 40 which £.c.. «~ inl-t port of th. ««,in.. 

5 The end r.,lon 52 of th. inl«=tor 50 iB >'-T"''' j"",;^ 
conical «.a .urfac. .octlon SO. th. conxcl w.11 »oa 
» ^ conicX 50. of th, ini«=tor .nd re,^ 

5" l«d 90C «t»d. h,t..«. th. 

w.11 38 of th. coll.r 40 .nd °-""! " 

10 Which c» h. provided to ...1 th. Injector 50 ^ th. 
collar 40 if desired. 

in.ul.tlng ring « Bits ov.r th. pad 90 wlthth. 
int.m.1 conical wall «h r..t.d on the »» 
.andwichin, the pad 90 h.tw.« th. c^cal 

rin^Iw-iratrtrrairc^^-cTtac; with th. 
end region 52. 

Ln. ThUB, he.t IB Btill ->1. to conduct fr» ^ collar 
To to the end region 52 in th. --n.r d..crxh.d xn th. 

earlier einbodiment . 

^ is previously described, heat can initially be 

^ion, «.d «h«i th. «win. warM to the requxred 
rJ^Uur.. h..t i. conducted via the collar 40 to th. 
^x«ion 52 in th. «nn« d..crib.d in the prevxou. 
3 5 exnbodlndAt: • 

15 .how. a B«=ond e-bodi«ent of th. mention. In 



10 



15 



PCT/AU2003/001156 

WO 2004/025112 

- 21 - 

^•-^ri to conductors 101 and 102 wniv.** 
«Wch are " of the vekicl. battery 

5 connected to the po.l^- current 1. euPpUed 

and to earth rewectively. « current 

tl>. eoil 100 t*ieh heat, up due to the flow oi 
to *>» ""^ I 1„ turn heats the end region 52. 

through the coxl 100, 

the end rea«n 52 is el. convert to 

t«.perature to cause the fuel to i-.di.tely 
vZ.r upon .^.ction from the injector 50. 

this ^tnoTrcHrcir":: z r° 

slightly space the coil 100 fro. 

internal -all 3S or supply to the 

r^-^ ^ - -tin, coll 100 rather 

^ra^^:/- - r-'-frio^aninL 

^U-nt th. gasket het«en the ""'f " " 
engine 10 c» b. th. conventional insulating gasket. 

the indector of Figure 15 located in th. 
Figur. 16 show. th. IM collar 40 is used, 

.^in. in th. arrang»ent In w^ch » ^^^^^ 

..a^dlment is also •>*"''"^^* ' to -atch 

' rir'rerrjrng^tht'coii .0. ^s. 

the sxze of the ena res, i^^-ctor port 35 can be 

m this -"-_:^..":irr::;rt:: di.Lt« of th. .nd 
''"'•%r ttTt^ coil 1.0, ^ -^o^- 

a ."i .i-ii« " 

■ orevlous embodiments, th. electrical hating 

M in th. I-"""' „ the coll 100, heat, only 

el-«nt '-T^*'^^'^,'^/,„joctor 50 and not the body 54. 
; the end region 52 of ^. 3 t«».ratur. ^ 

the body 54 1. not oleva therefore 
remain. In th. free air »h«r. it I. eoo 
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the electrical heating system of 
the heat supplied by t,no exec ,.^4 mentally 

« ^ iA «^ Piaures and 16 does not detrimentally 
Figures 9 to 14 or Fxgures ,^v,4« t^Ke body 

electronic components within the ixjoy 
effect operation of eiec^ton* 

54. 

^ V the invention which use the electrical 

Embodiments of the xnve»»-j.v.»» .^.^x^i^ fnr 

* «.4^,^«« Q to 16 are most suitable for 
■haafelna system of Figures 9 w xo 

^:lcres Which have relatively high voltage electrxcal 

-« 24 volt operation so that the current 
supply, such as 24 ^^^l^ ^^^^ engine, and 

drawn does not create too great a xoa« 

15 electrical system. 

pr..«.t mention "-^«" «^ th.r.£or, 

th. lnJ«=tor i. op«»d. However .£ xt 
provide .reader perfor.«nc., euch a. In th. o«. xn a 
:.oi«, oar or .he lilce. .h.„ ^f^^^^, 
beeauB. o« the complete vaporisation of .11 the £«1 
tr.«ea by the injector, c«> alio, the injeotor to be 
derated such that a larger «»«nt of fuel i. provi-ed 
e!=h tl« the injector i. op»»d. Because of tb. 
eacn tu. edaitional fuel iiwrnted into 

't:rel::r:ii "t ^^^r a* f-ct th. .p.r. fr«. the 
^Hi™ o "the «»ine. *icb i. the case if an attempt 
Z increase the deliver, of li^i* to the 

«bich therefore «y result in the ^eater 
ZZ ot fuel puttino out the sparH "Y^"-'^ ^ 
.isflre. Thus, .r«iter performance can he .chiev«l in 
Ta'!™ «-iro»«nts or the li*e by the addition of ^e 
f::r.o ^-t ^eat.r power from each co-bustion in the 
coiibustion chamber is achieved. 
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. »n l„l.t -«>i£oW 200 i. conn««:.a to inl-t port 160. 
' « inlaotor port 220 i. arr«««i in tK. ini.t 

into th. inlat port 160 «.a convoyed to the cylxoder 120 
with ixilot air. 

" ^ injactor 2« i. a atanaard .u.l ' 
tip 260. a «ain body portion 280 and «^ rag.on 300 
t«aca„t tl.a tip 260. Th. »ain body 280 conta.^ t^ 
Electrical co«pon«.try for oparatin, th. ^-J^'^ " 
« accordance «ith control f ro» the ««in. " 
Tb. and r«|ion 300 .tor., fuel to be .3~=t.d from the 
^H.!^r Th. injector 240 i. »odi«i.d only by r«^-«> 
Z ^Z c«in, around tbe end region 300 .o as to Lave 
Z Ltal p.ri*b.r.l wall of th. «d region "^''^ 
20 * h«ter .l.e« 320 i. provid.d on the end 

t. dl«n.ion.d .o that the sleeve 320 ^''^ 
indeotor 2*0 fit. into th. listing inj.ctor port 220 
^t^t ^ nodif ication. Th. .l..v. 320 .1«. P-rfor.. a 
^Tion o^ a ..al to saal the injector 2*0 in th. port 



25 220. 



30 



carries an electric Heating element 380 
.rgl" 0*=^::,. ^ curr^t i. .uppliod to the 
lleLlt'oO by conductor. *00. The conductor. .00 are 
!L=ect.d to a connactor «0 which in turn connects to an 
.tlTri^l .y^t„ <not Shown in Pigur. 17, for .upply ng 
"^tric poJlr to th. hoatin, element 3.0 .o the heatxng 
.l«.ent i. h.ated to in turn heat the end reg.on 300^ 
tiTinlector 240 and th. fuel which i. contained in th. 
Z ^ioTbut do.s not heat the main body "» - 

^ch the electrical cc-ponentry i. conta«.d Thus, 
in th. earlier International application prev.ou.ly 



PCT/AU2003/001156 

WO 2004/025112 

- 24 - 

U eject.- >-a.in, of 

^ rr.t.T..rr«rtr^..cto. t. po« 

220 ana P"'' 

19 a -or. dotailad vi« of tl» .!««" 

240 i. a genarally cylindricl B y ^ . taper«l 

op.nl., m »MC. "^"Jin^ .l.«nt 380 

-nr r a%r of r -^r::-. 

as previously mentioned. 

,n 4« » view whiclx shows the coil 380 in more 
Figure 20 xs a vxew wh ^^^^^ ^ 

20 detail, as does the ^^^^'^^ ^^^^ ^ieh forms the 

apparent from Figures 20 and 21^^ 3^^^ ^^^^j, 

mating element -0 comprises a n^^^^^^^^ ^ 

jk .mna-rfc from one another so 
are spaced apart trom current can be 

.»ch «^ join With th. =^-*;"Jlr«„ ^..in, ooil. 

- •^"•\rr t^cUai canity o. .o« .10 
tr«l^:•- 3.0 of t.. inj«=to. locat... 

or.f.rr.a «*oai-«t of t,.. inv«.tion, the heating 
" . 380 iHo».d frc nicane wire which offer, a 
30 elemMt 380. i« for.. .,,4 the conductors 400, 

„.i.t««e to ^.0 a. curr»t tra«l. 

^.tin, UP th. heat^, ^^^^^ 

3S conducting ^ -^-ni^::": ell 300 Of 
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could ^ form.d frcm other -ch « bi* 

t^atur. pLstlca. e«»^e., ^ tbe lik.. 

5 tuxn. 3.0. "»«<^^^. coin, into contact 

«>. -oia.n» t.. .le«. 320 -d t.o««o« 
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during the moioxna — ' - ^^^^ 

prevents short ^^--^^f J^^^^^^.^I/^ the heating 
^air the operation ^-jf;/;^^^^^^ ^,aing easier 
sleeve 320. -The sheath 440 therefore 

.ecause it is not -es^- ^ Z l^T^T^ avoia the 

• oM>^t^ from one anotner/ «»* 
remaxn apart from ^^^^ 

^j, for an inner mandrxll or sxee^o w 

need for an xna located in a mold 

380a are mounted when the coil 380 xs lo 
for molding of the sleeve 320. 

OA ««d 25 show a further embodiment of the 
Figures 24 and 25 snow a 

*-4o« m which the heating element 380 xs xn J^a 
.n^entxon in w^ ,^ oross-sectional 

' T™^' ^ua, the preferred embodiment of the 
i:::n:io: Tn^-^ Lvlntional injector to he used sa.e 
xnven^xoi* casing surroundxng the 

tlie need to remove the outer casxna 
for tne neea -oad to use separate 

^ — "/;,rinr.orrtr.nr.irpo« 220. 
:2r: rj":: .«nct.on xoct^n. t.. in^-c- 

above • 

' .-cn^re 27 is a block circuit diagram showing operation of 
t^preLrL e-^odim^^ of the invention. The circuxt 
the preferred alternator 520 which supply 

t:r:%: .0. ^ .at.. 

'ZZr^ r^^ Z «Xa, S« -0 ^ Xin. 
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. 27 -AMS, when the vehicle engine 

570, as Shown in ^J-^J^J]^ ^r^l^. the engine, the fuel 
is initially --^;j';jZ.\o^r is supplied to the fuel 
''^Z::.:X o:s:^.^^ of the en^me, power is 
3 :r.;for::riea on line S.O. ^e -ne -0 ^cl^^^^ an 

sensor 580 which monitors tne 
engine temperature sensor .^^......e is below 

^^Tt::ilTe-:X:u;e, the engme temperature sensor 
a predetermined temp ^^^^^ ^^^^ ^j^^^^ 

supplies the current on Ime 5/u 

10 causes the relay 540 to close. 

— xr s-tst^ 



240. 



15 



20 



«hows six injectors 240, each with thexr own 
Figure 26 shows sl« x 3 ^^^^^ ^^^^^^ 

heating 380 arranged m serxes 

J different conf iguratxons couxa 

^erstood that wired in 

such as some of the injec ^^^^^ . ^ 

series, and soi-e parallel or all 

parallel, depending ^^^^^^^^^^^^^^ ^-i.ed, 

cylinders, and therefore powers the 

and the voltage capacxty of the barratry 
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.V ^referred embodiment of the invention, a pulse 
in the P'^*^""^^^ i^^ated in the line 610 

width modulator 600 xs „ so that a 

between the relay 540 and ^^/^^^lements 380. The 
pulse width signal is ^^^^^^^^J ^^J^^^,^ alter the 
nulse width modulator 600 may be controllea 
!IxsI width or duty cycle of the signal supplxed to the 
pulse wxatB aoaree of heating of the 

3.0 to control deore;^ of th. 

ol««nt. 380 in aoooraance wlO. the r.^ viator 
enain. during operation. Thus, '^^^'^^^^^^ 
.00 can b. used to «int.in a constant ta-P«. 

^ th. heatin, el«.ents 380 '^^^^^Z ^-i" 
r^lr«»nts. The pulse width modulator 600 wil 
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elements 380* 

. .V. <. that l£ tha heating elaMMit 380 IB 
conti»uou.ly h..t.^ ^ ^ to 

this ao.B not happan, th. ^"^^ 
h. ralatlvaly l«:aa dia^atar ^ "^^^^tt^ly^-a" -i" 

of tha Blaava ""•^^%/^„^, ^,oh iB .nppllad to 
15 Which '^'"^ lUth of th. haatina ala.«nt 380 

Z r r« r. can ^a -aa .^..a.. 

_ tha '3:— ra:Th:t%«Cr:rx, 
:rrj:ior".^n:. ca^m. th, ..... s.. « o^an 

- «.Ha liaat:ing elements 380. 
shut off current to tne neatma 

„ anotha, a.^.- °« - ::::rch r 
" - z rr. r.r:::.:rt^ - can ^a 

on and off, « £ ^^^^ ^ ^ .n 

rrrrthTha angina « ^ B^toh 

^Btaaa Of ^rrairn, To:: Ho which i. 
30 ,00 :n h:::::tn'tha ana «gion 300 of 

33 --rhrt:rfrr.:::;air::.Mntha 



PCT/AU2003/001156 

WO 2004/025112 

- 28 - 

relay 5*0 to op« -o po«. i- "O' -^^^-^ 

...in «.«^««« to th. «d r.,lon 300 of 

injector. 



10 
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^ fuel in the end region 

Preferably the teinperature of the £uex in 

, ^ an Q-jor and therefore the 
300 is in the range of about 80 to 92 C, and 

■* Q20 in close proxxmity to 

use of the teii«>erature sensor 920 in cxo w 

... - 300 %--r.r«:t ^c...o. 
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OOxe Sleeves 320, as is previously described, are heat 

-__*,<.t;ed from the tot engxne 
coDduotive »o th«t beet I. oonductea lro« 

tbroa* the -leev. 320 ^ to the end reg.on 300 of ^ 
^!^or 400, «, the end region is h..ted hy direct heat 
^t^: enalne rather than heat fro. the •""^ '^^^ 
380. the .anlfold 200 .ay be c<-«=t^ " ^^J^ 

bloek 190 of the engine 100 by a heat conduotxn, ,.*.t 

.hown, ao that heat i. conductea frc 
block 190 to the inlet manifold 200 .nrroundlna the port 
"rao llat i. in turn conduoted through to the end region 
300 in the ~nn.r as di.olo«^ in the abo«-«ntxoned 

provisional application. 

-hen the te^ereture .eneor 920 Indie.te. that the 
rrtlnHt-nt 300 ha. heated the fuel in the end reg.on 
Too ^the r«n>ired t««erature. the heating .l«~nt 3.0 
Z I »^«ched off by the .witch 900 and -^--nanc^"^ 
t^ r«riir.d heat i. maintained by conduction fro- the 

Xf f" aly reaeon the t»««rature of the fuel doe. drop 
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supply power to the relay d»u 
heating element 380. 

. ^- 27 only one of the injectors 240 is 

5 AS shown in Figure 27, only o However, all of 

^ _ the temperature sensor 920. Howev« 

shown with provided with the temperature 

the "/"^^^^ :n^e switch 900, and the relay 

r::rwnr^^^^^ - -Tirtrer of the 

- -ep-ent power 3^^^^^^^^^^ 

r rrerr:i:iture Of the - - - — 

and separately heated by its respective heating 
380 when needed. 

^referred einbodlment of the invention has the 

4..»«-<iiv 20-40 seconds or less to oring 
rr:::- 300 up to the retired temper^^re, whereas 
if engine temperature is re<rxired, xt may take 
aLroximately 5 to 15 minutes for the engine to heat 
t^f iciently so that the fuel in the end region 300 
25 brought to the rec^ired temperature. 

« 4« Ploure 27 may be formed as part of 
The circuitry shown in Fxgur. 27 y ^ 

engine operating loom, - '^^"^ , 

existing vehicle, may be provided xn its own 
30 separate wiring system. 

— «.r. 580 can switch off the relay 
«rt.4iatL iihe tenroerature sensor 580 can swi 

Whilst tne tww*. engine reaches a 

540 when the operating temperature of the eng 

condition., ^ as hi.Ker «ain. load. 
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^re fuel 1. re-rxired. -o that tl» .dditional 

as a. condact«l fro. tJ» angln. 1000. 

5 Thu.. th. p«.ferr«l «>boai«nt of th. inv.n,:ion can be 
provided a. a retrofit .y«e» for «clstlng engxnee or It 

be prodded a. orl,lnal «p.l«»ent. If 
~ ordinal e^lp-nt, the control of ^ h.at.n, element 
380 be perfor^d in accordance witb tj- above 
XO aeacrlptlon by the enalne electronic '"^ 
.bo») of tb. veblcle. tb. Injector. 2* ^11 be 

coupled to tbe EOT a. is usual, and tbe BCO 
p.o^r«».ed so as to ^nltor tb. t-^.rature "i-"^'"" 
L sensor. 920 and awitcb tb. po«r to tb. . 
15 elements 380 ^ n«.ded (I., at .tartup of 

and if tbe fuel t«,,«rature in tb. «>d r«xon 30O d^P. 
durin» normal oparation. Tbus. tb. inJ.ctor would be 
prlvlL. wltb tb. .l«v. 320 a. original .^ipm.nt and tb. 
!l.ctrlc.l «apply to tb. inioctor would b. tb. normal 
20 PUIS. .uPPly from tbe ECO to control tbe fuel .,ect^ 
from tb. lni«=tor, tb. beatin, conductors 400 for tb. 
I^ly of .lectricity to tb. beatin, .l«.«.t 380, and tb. 
9« for tb. t-^ratur. m«sur«»nt fr«. tb. .«-or 
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The sensor 920 may b. .».dwich.d tiabtly b.twe«. tb. »d 
«,ion 300 and tb. inn« wall of tb. c«tral openxn, 410 
" may b. provided Ju.t in tb. inn.r wall 41. 
or r.c..s of tb. inner wall so tb. t»w.ratur. —or 920 
.till abut. tb. end reaion 300 for t«w.ratur. 
xneasurements • 

Sine, modification, witbin tbe spirit and ""^ "^^ 
in»«.tlon may roadily b. effected by persons .Killed 
::Zl tb. aL. it i. to be understood tbat tbl. in^n^on 

not limited to tb. particular e»bodlm»t d.«rxb.d by 
way of example Hereinabove. 
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